Lead is a common metal, which is largely consumed in industrial fields. In spite of strict controls by regulations for environmental and human health protection, there are some cases of health damage from lead exposure.
1,2 Therefore, accurate and simple methods for its determination are required to monitor emission and exposure.
Highly sensitive and selective methods, such as inductively coupled plasma mass spectrometry (ICP-MS) and atomic absorption spectrometry (AAS), have been used for the determination of lead. [3] [4] [5] However, these methods are unsuitable for in situ and simple analysis because of expensive prices, large size and high-running cost.
Light emission diodes (LED) are useful as a compact light source for spectrophotometric detection. Suzuki et al. have reported analytical methods using LED equipped spectrophotometric systems. 6, 7 A liquid core waveguide (LCW) results in an improvement of the sensitivity of UV-vis spectrometric analysis due to an increase in the cell length under Lambert-Beer's law. A Teflon AF 2400 has a low refractive index (RI = 1.29), which is lower than that of water (RI = 1.33). [8] [9] [10] [11] [12] The light introduced into the liquid core of aqueous samples undergoes total internal reflection at the wall of the Teflon tube. Some analytical applications using both LED and LCW have been reported, 13, 14 however, there have not been total systems focused on USB-driven LED and LCW. A light-weight property and power supply through USB cable to a LED and LCW-UV system are very important to establish in situ compact analytical systems.
In the present study, we developed a compact system using a blue diode as a light source, a LCW cell and a compact UV-visible spectrometer for the determination of lead. A USB-driven blue diode was newly custom-made as a light source and its weight was ca. 60 g. Furthermore, we combined the spectrophotometric detection of lead using 5,10,15,20-tetraphenyl-21H,23H-porphinetetrasulfonic acid, disulfuric acid, tetrahydrate (TPPS) as a spectrophotomeric indicator reagent with this compact system. Although the TPPS has a large molecular absorption coefficient (2.75 × 10 5 ), the conventional method using TPPS and UV measurements with 1 cm of cell-length is inadequate to determine trace lead. 15 The LCW technique used in this study can provide an improvement in the sensitivity when using TPPS. However, there is still a problem of severe interferences with some metal ions for the detection of lead used by TPPS. Thus, a simple pretreatment using a magnesium hydroxide coprecipitation method 16 was used to eliminate interferences from concomitants in environmental water samples.
All reagents were of analytical grade. Purified water used throughout the present experiments was obtained from a Milli-Q purification system (Nihon Millipore Kogyo, Tokyo). Metal standard solutions were prepared by commercial standard solutions (1000 mg dm -3 ) of each element for atomic-absorption spectrometry, purchased from Kanto Chemicals and Wako Chemicals Co. Ltd. (Japan). A Ultrapur grade 3 mol dm -3 NaOH solution from Kanto Chemicals was used in a masking experiment. A river-water reference material (JSAC 0302-3) issued from the Japan Society of Analytical Chemistry (Tokyo, Japan) for verifying this analytical method was purchased. An ICP-MS (ICPM-8500, Shimadzu, Kyoto, Japan) was partly used to check the concentrations of Pb and interfering ions in a study of the masking.
A typical analytical procedure of the determination of lead in water samples is described as follows. A 2-ml sample was taken † To whom correspondence should be addressed. E-mail: yabutani@chem.tokushima-u.ac.jp A simple and compact system was developed for the on-site analysis of lead in environmental water samples. The system consisted of a custom-made blue diode as a light source, a liquid core waveguide (LCW) as spectrophotometric cell and a compact UV-visible spectrometer. It weighed within 1.5 kg in total. Lead was detected using a spectrophotometric indicator reagent (TPPS: 5,10,15,20-tetraphenyl-21H,23H-porphinetetrasulfonic acid, disulfuric acid, tetrahydrate) after masking interfering ions by coprecipitation with magnesium hydroxide. With an increase in the length of the LCW cell, the detection limit of lead was almost linearly enhanced, and the linear calibration range was shifted to a lower concentration range. The detection limit of lead by using 100 cm of a LCW cell was 2 nmol dm -3 . The observed value (9.6 ± 0.4 µg dm -3 ) of lead in a river-water reference material (JSAC 0302-3) with this system was in good agreement with the certified value (9.9 ± 0.2 µg dm -3 ). 
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in a centrifugation tube. Then, a 2-ml portion of a 10 mg dm -3 magnesium solution and 0.2 ml of a 1 mol dm -3 NaOH solution were added to the sample. The sample was filtrated by a 0.45-µm PTFE disposable membrane filter (13HP045AN, ADVANTEC Co. Ltd., Osaka, Japan). A 0.5-ml portion of a 0.7 µmol dm -3 TPPS solution was added to the filtrate. The mixture solution was heated at 70 C for 5 min to accelerate the reaction of the Pb-TPPS complex. The 1.0 ml portion of sample solution was loaded into a sampling coil connected with a 6-way valve, and was then pumped to the LCW cell by a syringe pump. The LCW cell was washed with pure water prior to use. The concentration of lead in the analytical sample was estimated from a standard addition method for correcting for a slight loss of lead in the masking method.
A schematic diagram of the compact system is illustrated in Fig. 1 . Specifications of the parts of the system are listed in Table 1 . The LCW cell (Teflon AF 2400 tube; 1.0 mm o.d./0.8 mm i.d.; Biogeneral Co. Ltd., San Diego, CA, USA) was connected at the end of a blue diode, and the another end to a compact UV-visible spectrometer (USB 2000-UV-VIS, Ocean Optics Inc., FL, USA) by T-shape connectors. 11 The blue LED component was custom-fabricated by Sato Denki (Tokushima, Japan). The total weight of the system, which consisted of a syringe pump, the LED, the LCW (100 cm), and a compact UV-visible spectrometer, was within 1.5 kg. The amounts of electrical power consumption of the LED and the photometric detector were 9 and 5 V, respectively. They could be supplied through USB cable from a PC. All of these parts and a lap-top PC could be packed in a normal bag for the lap-top PC (44 × 33 × 16 cm).
The Pb-TPPS complex has a large molecular absorption at 464 nm. 15 The maximum wavelength of the Pb-TPPS was similar to that of a blue LED (470 nm). This result gave an advantage for the detection of Pb-TPPS by the LED.
In order to investigate the effect of the length of the LCW cell on the response, the linear range between the molecular absorption of the Pb-TPPS and the concentration was estimated. We used 10, 30, 68, and 100 cm lengths of the LCW cell.
The analytical results are summarized in Table 2 . The detection limit of lead was shifted to be a low concentration level along with an increase in the length of the LCW cell. The detection limit was 2 nmol dm -3 when using 100 cm of the cell length. In addition, a high linearity of the calibration range was observed. The equation of the calibration curve was Absorbance = 0.015X -0.013 (correlation coefficient = 0.995), where X is lead concentration (nmol dm -3 ). The calibration curve was linear over the range from 5 to 30 nmol dm -3 for a 100-cm cell. In the present work, the sensitivity estimated from the slope of the calibration curve was ca. 80-times higher than that in previous work reported by Itoh et al. when measuring the absorbance of the Pb-TPPS complex used with a normal 1 cm cell. 15 The extension of the cell length in this system provided an improvement in the sensitivity.
It has been known that some metal ions interfered with the measurement of Pb-TPPS. 15 We used a magnesium hydroxide coprecipitation method, which has been developed by the authors' group, for the selective and simple separation of lead to prevent interferences from concomitants. 16 In previous research, it showed that 90% of lead could be recovered, and over 90% of interferents, including Mn, Co, Cd, Cu, and Zn, were removed from the analytical samples. This method was applied in an analysis of a river-water reference material (JSAC 0302-3) sample. The results are given in Table 3 . The result 9.6 ± 0.4 µg dm -3 (46 nmol dm -3 ) in the Mg coprecipitation method is in good agreement with the certified value (9.9 ± 0.2 µg dm -3 ). On the other hand, the result without Mg coprecipitation was lower than the certified value due to interferences from concomitants. The detection limit of this system was sufficient to detect trace Pb around the standard values (10 µg dm -3 ) under the Japanese environmental protection law for water quality control.
The trace concentration of lead was determined by the system developed in this work. This system was light, compact in size and showed low electric power consumption. The detection limit with this system using the 100 cm cell was 2 nmol dm -3 , which was similar compared to those of highly sensitive instruments, such as ICP-AES and AAS. For future prospects, a USB-driven pump should be designed in order to operate all parts of the system with an electric power supply through a USB cable from a PC. Table 3 Analytical results for Pb in a river-water certified reference material (JSAC 0302-3) by the compact system with or without aid of Mg coprecipitation for the removal of interferents Pb conc./µg dm -3 Quantitative value a Guaranteed value Without Mg coprecipitation With Mg coprecipitation 4.8 ± 0.6 9.6 ± 0.4 9.9 ± 0.2 9.9 ± 0.2 a. Mean ± expanded uncertainty (k = 2).
